Introduction
Acute leukemia with the t(11;17) (q23;q21) translocation is a rare genetic and phenotypic variant of acute promyelocytic leukemia (APL, reviewed in references 1 to 5). Unlike the classic t(15;17) PML/RAR␣-positive form, t(11;17) APL has been associated with unfavorable prognosis and unresponsiveness to the differentiative action of all-trans retinoic acid (ATRA), both in vitro and in vivo. [1] [2] [3] [4] [5] At the molecular level, the t(11;17) involves the PLZF (Promyelocytic Leukemia Zinc Finger) gene on chromosome 11, and the RAR␣ (Retinoic Acid Receptor ␣) gene on chromosome 17, resulting in 2 hybrid PLZF-RAR␣ and RAR␣-PLZF genes. These originate 2 chimeric Plzf-Rar␣ and Rar␣-Plzf proteins that have been shown to produce an APL-like syndrome in transgenic mice. 6 Distinct from PML/RAR␣ APL, an ATRA-insensitive site that binds a nuclear co-repressor complex including histone deacetylase (HDAC) activity is located in the Plzf moiety of Plzf-Rar␣. This would account for the reported poor response to ATRA of t(11;17) APL. The usage of agents inhibiting HDAC, such as trichostatin A (TSA) in Plzf-Rar␣-transfected cell lines and transgenic mice, releases the maturation block induced by the fusion protein, suggesting that combined treatment with HDAC inhibitors and ATRA might prove effective in this leukemia. [7] [8] [9] Recently, the absolute refractoriness of t(11;17) APL to retinoids has been questioned. In particular, Jansen et al 10 reported that, upon combined stimulus with granulocyte colony-stimulating factor (G-CSF), ATRA induced complete remission through blast cell differentiation in a patient with recurrent t(11;17) APL. We describe here an additional case of PLZF/RAR␣ APL that responded to ATRA. Our results indicate that the maturation block can be overcome in this leukemia subset.
Study design Patient
A 62-year-old man was diagnosed in September 1998 with PLZF-RAR␣ APL. Detailed characterization studies at presentation have been reported (case no. 52 in references 3 and 4). Front-line treatment included 2 cycles of conventional chemotherapy, after which the patient underwent complete remission. 3, 4 Despite clinical and hematologic remission, reverse transcriptase-polymerase chain reaction (RT-PCR) for PLZF-RAR␣ was repeatedly positive in marrow samples collected during follow up. After 15 months in remission, hematologic relapse was documented. Leukemia cells disclosed the same features observed at presentation, including a characteristic morphology, CD56 expression, DNA rearrangement in the RAR␣ gene second intron, and RT-PCR positivity for the PLZF-RAR␣ fusion. As it was seen at diagnosis, 4 the reciprocal RAR␣-PLZF transcript was undetectable by RT-PCR. Because blasts collected at relapse showed functional response to ATRA in vitro (see below) and because of concomitant hyperleucocytosis, reinduction treatment was started with a combination of daily oral ATRA (45 mg/m 2 /d) and hydroxyurea (HU, 50 mg/kg/d). The latter (HU) was gradually reduced after 10 days of combined therapy and discontinued at day ϩ20. After 40 days of treatment, patient achieved a second remission through leukemia cell differentiation. He then received intermittent cycles of HU and ATRA and remained in second remission, though persistently PCR-positive, for 8 additional months, until March 2001, when second hematologic relapse was documented. At this time, he refused intensive therapy, received palliative treatment, and died with progressive disease in August 2001.
Method
Leukemia blasts from marrow and peripheral blood at diagnosis and during treatment were characterized by conventional light microscopy, cytochemistry, surface marker analysis, Southern blot, and RT-PCR using specific probes and oligonucleotides, respectively, for the PLZF and RAR␣ genes. 3, 4, 11 Patient blasts were also used for cell culture studies and assayed for their in vitro response to the HDAC inhibitor TSA, to HU, and to ATRA, as described. 12 
Results and discussion
The results of in vitro and in vivo studies are summarized in Figures 1 and 2 . In vitro treatment of first-relapse patient blasts with ATRA alone induced minimal morphologic differentiation ( Figure 1A ), whereas it increased the percentage of nitroblue tetrazolium (NBT)-positive cells and the expression of CD11a/ CD11b to levels comparable to those obtained in a t(15;17) APL ( Figure 1C-D) . Furthermore, TSA enhanced the effect of ATRA in inducing NBT and up-regulated myeloid differentiation antigens ( Figure 1C-D) . In keeping with observations reported in vitro and in vivo by others and by ourselves, 7, 8, 12, 13 TSA alone did not significantly induce myeloid differentiation, whereas, in combination with ATRA, it enhanced differentiation of both t(15;17) and t(11;17) APLs and restored ATRA sensitivity in an ATRA-resistant t(15;17) APL (Figure 1B-C) .
Functional response to ATRA in vitro prompted us to treat the relapse with ATRA therapy in vivo. Complete remission was obtained in our patient through leukemia cell differentiation, as shown by the findings of 1) no marrow hypoplasia during treatment, 2) clear morphologic features of cell maturation after 20 days in bone marrow cells, in parallel with increase of CD15 positive cells (Figure 2A,D) , and 3) polymorphonuclear elements with Auer rods in the blood at remission (Figure 2A) . Finally, Southern blot analysis of the RAR␣ locus allowed detection of the same rearranged band in blasts, intermediate maturing elements, and terminally differentiated cells ( Figure 2B ). As to the possibility that HU administered together with ATRA exerted a synergistic effect on differentiation, we are prone to exclude this hypothesis. In Primary blasts from patient's bone marrow at leukemia relapse, from an ATRA-resistant t(15;17) APL patient and from a t(15;17) APL patient at diagnosis were cultured (1.5 to 2 ϫ 10 6 cells/mL) in RPMI 1640 medium supplemented with 10% fetal calf serum (FCS) and treated with 1 M ATRA and/or 100 ng/mL TSA for 5 days as described. 12 Differentiation of these blasts was evaluated by morphology in Wright-Giemsa-stained cytospins (panels A and B). Original magnifications, ϫ 40. Differentiation was quantified by the nitroblue tetrazolium (NBT) dye reduction assay (panel C Together, our findings suggest that our patient's blasts were sensitive to ATRA. As to the apparent discrepancy with other t(11;17) APLs reported to date, [1] [2] [3] [4] we remark on 2 distinguishing features of the present case. First, leukemia blasts did not express the reciprocal RAR␣-PLZF fusion. The latter has been shown to cooperate in t(11;17) APL leukemogenesis and might indeed contribute to confer ATRA-resistance and a more aggressive phenotype in this subset. 6 Second, as indicated by the results of surface marker analysis ( Figure 2D ), a significant in vivo response was observed here after prolonged ATRA treatment.
Because of the exceedingly rare nature of this leukemia, only few cases have been characterized in details to date. Of these, most received conventional chemotherapy, whereas ATRA had not been administered for prolonged periods of time in the few others evaluable, [1] [2] [3] [4] with the only exception being the case who received G-CSF in addition to ATRA, as reported by Jansen et al. 10 Finally, semiquantitative RT-PCR analysis of retinoic acid target genes showed significantly increased RAR␣ and RAR␤ expression following in vivo treatment, further strengthening the view that our case was ATRA sensitive (not shown).
To conclude, our findings support the notion that differentiation therapy is not restricted to PML-RAR␣ APL and suggest that ATRA might have a broader antileukemic efficacy than previously expected.
